Summary. Corpora lutea (n = 20) were detected in 5 one-humped female camels studied during a period of 4 months. Complete mating by a vasectomized male, male introduction into the pen of females without mating, or a progesterone decrease from a previous corpus luteum were followed by a similar progesterone pattern. A maximal plasma concentration of 4\m=.\5 \m=+-\ 1\ m=. \ 5 ngprogesterone/ml ( 2\ m=. \ 7\ p=n-\ 8\ m=. \ 8ng/ml) occurred 8\m=.\55\ m=+-\ 1 \ m=. \ 32 days (6\p=n-\11days) after the inducing stimulus. Luteal regression, beginning 8\m=.\65\m=+-\1\m=.\18 days after the stimulus, was completed at Day 11\m=.\55\m=+-\1\m=.\05. Morphological development of ovarian structures, detected by rectal palpation, was in synchrony with the progesterone increase, but there was a prolonged period of regression. Females accepted mating up to 7 days after the ovulatory stimulus, when progesterone levels were as high as 3\m=.\5 ng/ml. This study establishes the absence of pseudopregnancy in the one-humped female camel, and offers opportunities for improving the management of reproduction. It also shows that ovulatory stimuli other than mating can be effective in these animals.
Introduction
Evidence that the dromedary (Camelus dromedarius) is an induced ovulator is provided by the absence of corpus luteum formation when females are not mated (Nawito et al., 1968; Musa & Abusineina, 1978; Elias et ai, 1984) , and by the release of LH after mating (Marie & Anouassi, 1986) . In induced ovulators, a non-fertile service or other ovulatory stimulus is followed by a non-fertile period related to the life-span of the corpora lutea induced.
For several of these species, luteal activity has been estimated by frequent blood sampling and progesterone evaluation. These observations indicate the existence of a pseudopregnancy, which can be as long as the pregnancy, as in the mink (Moller, 1973) and the ferret (Heap & Hammond, 1974) , or at least equal to half the duration of pregnancy. Pseudopregnancy lasts 15-18 days in the rabbit (Miller & Keyes, 1976) , [36] [37] [38] [39] days (Wildt et al., 1981) or 40-50 days (Verhage et al, 1979) in the cat, and one observation made on a jaguar (Wildt et al., 1979) suggests a pattern similar to that of the cat.
On the other hand, data available for camelids, although less complete, indicate a shorter time-course for the corpora lutea in the non-pregnant females. On the basis of luteal or plasma progesterone concentrations obtained at discrete intervals, this duration has been estimated as [8] [9] [10] [11] [12] [13] [14] [15] [16] days in the llama (England et al, 1969) , [8] [9] [10] [11] [12] [13] days in the alpaca (Fernandez-Baca et al, 1970 , 1979 , and 10-15 G. T. Jiang, personal communication). In the llama and the alpaca (Sumar & Garcia, 1986) , milk progesterone concentration is maximal at 3 days after copulation and returns to low levels by 10 or 11 days post coitum in the absence of fertilization.
The corpus luteum of the one-humped camel has been described morphologically and histo¬ logically (Tayeb, 1950; Shalash & Nawito, 1964; Abdalla, 1965; Abdo et al, 1969; Nawar et al, 1978; Musa, 1979) , but from material collected in slaughterhouses and generally from pregnant females. Progesterone secretion has been described (Assouel, 1983; Elias et al, 1984) , but only during pregnancy. Finally, the only information concerning the duration of luteal function in the absence of pregnancy has been collected by Musa & Abusineina (1978) Progesterone assay. Progesterone was measured by the radioimmunoassay method described for plasma by Marie et al (1984) , the only modification being the use of 2 ml diethyl ether for extraction. Specificity of the antibody has been described by Beckers et al. (1975) : cross-reaction was 7-2% with pregnenolone, 5-3% with 17ct-hydroxyprogesterone, 1-5% with 20ß-dihydroprogesterone, and 0-8% with testosterone. Efficiency of extraction was 91-9 + 1-8%. Assay sensitivity, estimated from the confidence interval of blanks, was 9-8pg/tube (0-11 ng/ml plasma). Coefficients of variation for plasmas containing 043 and 2-97 ng progesterone/ml were respectively 4-3 and 3-5% for intra-assay variation, and 24-3 and 12-5% for inter-assay variation.
Assessment ofprogesterone patterns. Progesterone patterns were analysed with the mathematical model described by Yenikoe et al (1981) , which is a sequential combination of a logistic and an exponential function.
For the period between the ovulating stimulus (/ = 0) and the start of the progesterone decrease (; = T), the progesterone level (P(/)) was fitted to a logistic function:
Parameters a, b and c have been estimated by the Gauss-Marquardt least-squares method for non-linear models (Marquardt, 1963) , using the UWLONG fortran program (Bachacou et al, 1981) , on a Mini6 Bull-CII computer.
Values observed during the phase of decreasing progesterone were fitted to an exponential model:
To evaluate parameter d, adjustments have been made by linear regression after logarithmic transformation of progesterone values.
Accuracy of adjustments was estimated by the values of the coefficients of determination. Differences between groups of observations for these variables were tested by one-way least-squares analysis of variance (Lebart et al, 1980) . Data presented in the text are expressed by the means and standard deviations.
Results

Induction of luteal activity
When females were maintained for long periods days) in the absence of contact with the male, corpora lutea were not induced: progesterone was always <0-7 ng/ml (0-3 + OT ng/ml). Rectal palpations showed that the ovaries were not inactive, but contained structures with longterm development, which is a characteristic of follicular development: they reached a size of 35 mm in about 2 weeks, remained at the same size for 10-12 days, and regressed during the next 12-20 days, without rupture.
Of 15 matings of females with low levels (< 1 ng/ml) of progesterone, 11 (73%) were followed by a consistent elevation of plasma progesterone (Fig. 1) , indicating the induction of luteal formation. The length of matings followed by an ovulation (5-15 min, 8-3 + 3-4 min) was not significantly different from the length of matings not followed by an ovulation (5-17 min, 100 ± 51 min). In 4 instances, introduction of a male after a prolonged period of separation was not associated with a mating, but in 3 of these cases a progesterone pattern similar to that observed after a mating was detected (Fig. 2) .
Elevation of progesterone concentrations was observed in another 2 animals, but it was not possible to associate these corpora lutea with an obvious inducing stimulus: the male was present on consecutive days during their formation, but no mating was observed, and they were not preceded by another corpus luteum. The data for these animals are not included in the figures.
In 5 of 16 cases in females not presented to the male, a second characteristic progesterone pattern was observed immediately after the decrease of progesterone secretion from the first corpus luteum (Fig. 3) ; no subsequent luteal activity was detected in these females. The hypothesis that withdrawal of progesterone may induce luteal activity in the one-humped camel was tested by insertion of a Silicone spiral impregnated with 2-25 g progesterone (PRID: Abbot Laboratories, Agricultural and Veterinary Products Division, Queenborough, Kent, U.K.) in the vagina of 4 females for a period of 6 days in the last week of April. Plasma progesterone was maintained at a relatively stable level (5-8 ng/ml) while the device was present, and fell rapidly after its removal. In 1 of the 4 females, a secretion of progesterone associated with luteal activity was observed. There¬ fore, the total incidence of corpora lutea (6) following a previous corpus luteum or exogenous progesterone (26 sequences) in the absence of stimulation by the male was 23%.
Progesterone secretion during luteal activity Mating-induced corpora lutea. Progesterone concentrations (Fig. 1) remained low during the first 4-5 days post coltum ( < 1 ng/ml in 9 of 11 observations at Day 4, and in 4 at Day 5), then increased steadily to reach a maximum of 4-5 + 1-5 ng/ml (2-7-8-8 ng/ml) between Days 7 and 11 post coitum (8-9 + 1-3 days). An abrupt decrease of progesterone concentration was observed soon after this maximum, generally the following day, and values < 1 ng/ml were observed from 10 to 13 days p.c., the secretory activity being completed at Day 11 to \Ap.c. (120 ± 1-0 days). Progesterone values therefore remained > 1 ng/ml for 5-8 consecutive days (6-3 ±11 days).
Male-induced corpora lutea. The three patterns associated with corpora lutea induced by male introduction, without mating, are represented in Fig. 2 . The maximal level, 4-2 + 0-4 ng/ml (3-8-4-6 
Morphology of luteal formations
Out of the 16 luteal formations revealed by progesterone secretion during the period when rectal palpations were performed, 6 (37%) were not detected by palpation, probably because of their small size or their deep position in the ovary. The corpora lutea detected were equally distri¬ buted between the two ovaries (5 on each side), and did not present any predilective position at the surface of the ovary. They appeared to be round and regular in shape, without discontinuity with the rest of the ovary. Their consistency was as firm as the ovary and mature follicles, and firmer than that of the growing follicles. The morphological development of one of the 10 detected forma¬ tions is illustrated in Fig. 4 , showing an increase in synchrony with that of progesterone concen¬ tration, and a morphological regression beginning shortly after the progesterone fall, but occurring more slowly. The formations observed became detectable 1-3 days after the ovulatory stimulus. They reached a maximal mean size of 15-5 + 51 mm (8-34 mm), at Day 7-2 + 1-7 (Day 4-9), while maximum progesterone value for these animals was observed at 8-5 + 1-4 days. They began to regress at 100 + 1-2 days (Day 7-11), but remained detectable until Day 171 ± 2-6 (Day 13-21), the largest formations remaining the longest.
Oestrous behaviour and luteal activity
To explore the mating behaviour of females when a corpus luteum has already been induced by a previous ovulatory stimulus, the male was presented daily to females for 7-11-day periods after a first mating. Complete matings (10) were observed in 5 sequences out of 8. Seven matings were observed at Days 1-4, when progesterone concentrations were 0-4-1 ng/ml, and 3 at Days 5-7, associated with elevated progesterone concentration (2-5-3-5 ng/ml) ( Table 2) . 
Discussion
This paper establishes the short-term evolution of the corpus luteum and the absence of pseudo¬ pregnancy in the one-humped camel. Assuming that ovulation occurs 36 h after the ovulatory stimulus (Williamson & Payne, 1978) , luteolysis begins at 7 days, and is completed 10 days after ovulation. This is in accordance with the observations made for other camelids: in the llama (England et al, 1969) (1984, 1985) reported progesterone values ranging from 3 to 7 ng/ml in early pregnancy in one-humped camels, and these values are concordant with the maximal levels reported here. However, the increase was quicker, since these authors observed levels above 1 ng/ml as early as 2 or 3 days after mating, probably due to imprecise identification of the real ovulatory stimulus. The patterns described here are closer to that reported by Xu et al. (1985) for the bactrian camel during the first 10 days after an ovulatory stimulus.
By comparison with other farm animals, the progesterone pattern of the one-humped camel is characterized by the absence of a plateau, and early luteolysis. Luteolytic factors are unknown in the one-humped camel. Prostaglandin-F2a is probably involved, since Fernandez-Baca et al. (1979) have demonstrated a luteolytic effect of uterine horns in the alpaca. It can therefore be inferred that prostaglandin release by the uterus, or the action of another luteolytic mechanism, occurs early after coitus (7-8 days), as well as the embryonic signal of pregnancy recognition.
Morphological development of the corpus luteum, lasting here 2-3 weeks, is very similar to that reported for the bactrian camel by Chen & Yuen (1984) , but is longer than that found for the one-humped camel by Musa & Abusineina (1978) . Although the start of morphological regression is closely related to the plasma progesterone decrease, this process is long, and the presence of a palpable body is not indicative of its functional activity.
The time-course of progesterone secretion described here offers the opportunity to set up a very early pregnancy diagnosis based on plasma progesterone concentrations, with a period of application corresponding to 12-13 days after mating. We observed that females will accept the male again 12-13 days after a sterile mating; Chen & Yuen (1984) In animals of most species, mating behaviour is strictly limited to the period of oestrus, but progesterone does not completely inhibit male acceptance in the one-humped camel. This has also been reported for the bactrian camel (Chen & Yuen, 1984) , with new matings observed 2-8 days after a first copulation, concurrently with the morphological development of a corpus luteum. This could be explained by the existence of growing follicles: Shalash & Nawito (1964) and Abdo et al. (1969) observed follicular structures in the ovary during the luteal phase, and Musa (1979) reported follicular growth and matings during pregnancy. Acceptance of the male cannot therefore be interpreted as being strictly associated with an absence of progesterone secretion.
The induction of ovulation by mating in one-humped camels is confirmed by the fact that 73% of the matings were followed by luteal formation. Two of the unsuccessful services observed are explained by an absence of hypophysial response, as revealed by the lack of LH release in these animals (Marie & Anouassi, 1986) . Considering only females in sexual activity, the incidence of ovulation after mating was in fact 85%. However, rectal palpations alone, as well as vaginal and cervical stimulations, which were performed daily for 15-20 min, did not elicit ovulation. This observation, similar to those reported by Musa & Abusineina (1978) and Elias et al. (1984) , shows that the neural stimulus is not similar to that reported for the rabbit or the cat. Chen et al. (1985) presented evidence for semen-induced ovulation in the bactrian camel, with some augmentative effect of the mating behaviour. Nevertheless, mating is not a necessary prerequisite for ovulation in the one-humped camel. Ovulations without mating were also observed when a male was introduced after a prolonged period of separation from the females. The male effect has been shown, in the anoestrous ewe, to increase the tonic pulsatile secretion of LH and to induce a preovulatory LH surge (Signoret et al., 1983) . Secondly, endocrinological factors can also interfere, and progesterone withdrawal seems to liberate hypothalamo-hypophysial centres from a negative influence with consequent gonadotrophin release. The low incidence of these observations (23%) may be related to the simultaneous intervention of other components, such as elevated concentrations of oestrogens. Hormonally induced ovulation has been reported for other induced ovulators (cat: Foster & Hisaw, 1935; rabbit: Sawyer et al, 1950) , after combined oestrogen-progesterone treatment.
Therefore, the one-humped camel can be considered as an induced ovulator in which the mechanisms operating in spontaneous ovulators can be effective in certain situations.
